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Abstract 
In recent years, the automotive industry is making an effort to reduce the vehicle weight for reducing the CO2 emissions. The 
hot stamping of high strength steels offers the possibility to obtain significant reduction of weight. The conventional door 
impact structure design is composed of one or two tubes and two brackets by stamping. There are many advantages if 
conventional design was changed to hot stamping design such as cost saving, tools amount and weight reduction. The 
development of door impact beam by hot stamping is illustrated in this paper. It includes the product design, process evaluation, 
die design, CAE simulation, and prototype manufacturing. Finally it uses hardness test, thinning rate analysis, and quasi-static 
three-point bending test to check the hot stamping parts performance, including mechanical properties, plastic deformation 
capacity and absorbing energy ability. It could be a reference for automotive industry to develop the similar products. 
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1. Introduction 
In recent years, the global development trend is towards lighter, fuel-efficient cars with greater resistance to 
collisions. And the automotive industry is making an effort to reduce the vehicle weight for reducing the CO2 
emissions while maintaining high strength properties of vehicle components. And hot stamping technology is key 
in this connection. The hot stamping of high strength steels offers the possibility to obtain significant reduction of 
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weight. Steinhoff (2008), Oldenburg (2009) and Karbasian (2010) discussed the hot sheet metal forming of high-
performance steel and its applications in automotive. Thus the applications of hot stamping technology on 
automotive structure gain more and more attentions. 
Moreover, with growing knowledge and experience comes an increasing interest in how hot stamping 
technology can be further developed. Turetta (2006), Naderi (2011) and Shan (2013) studied the formability, 
microstructure and mechanical properties of high strength carbon steels after hot stamping. A project formed to 
study hot stamping process, the door impact beam for side impact protection was considered to be developed. 
Generally, the conventional door impact structure design is composed of one or two tubes and two brackets by cold 
stamping parts as shown in Fig. 1. However, there are many advantages if conventional design was changed to hot 
stamping design such as costing saving, tooling amount and weight reduction. Thus the development of door 
impact beam by hot stamping is illustrated in this paper.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. Conventional tubular design of door impact beams in automotive application. 
2. Experimental set-up  
The hot stamping process uses boron steel blanks which are heated to about 900 0C. The blank is then formed 
and quenched in cooling tools to obtained martensitic ultra high strength steel. And most of the studies are about 
theoretic exploration, lacking the overall awareness of the hot stamping process in practice and performance of the 
actual formed door impact beams. The door impact beam investigated is located inside the front door in a car. The 
design is a hot stamping part with length of 1,105 mm, width of 140 mm and max depth of 45mm. Its cross-section 
is complex featured with twin-U shape. The new design of front door impact beam for hot stamping is shown in 
Fig .2. The investigated material is 15B22 boron steel which is developed by local steel company. The zinc-coated 
and uncoated steel plates were both provided in thickness of 1.4mm. 
 
 
Fig. 2. New design of front door impact beam for hot stamping process. 
3. CAE model and process parameters analysis  
3.1. CAE model  
The CAE analysis model is as shown in Fig. 3, the die is set at the top, punch is set at the bottom, and the blank 
is heated to about 930 0C for 180 seconds and then transferred to the stamping die. The forming process is divided 
as blank placing, stamping, and quenching. To begin with, the die moves down to the blank. At the end of forming, 
punch is closed to the die, finishing a pressure-retaining quenching. Since the front door beam is complex featured 
with twin-U shape. In order to obtain better forming results in the twin-U area, a movable pad (die) was proposed 
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and designed to form the central area of twin-U shape as shown in Fig .4. The mould assembly includes water 
cooling channels in punch and die. The die and punch were made by SCM440 steel. The press used for hot 
stamping process is a hydraulic machine with maximum pressing force of 8,000 KN.  
 
 
 
 
 
 
 
 
Fig. 3. CAE model setting without movable pad design for hot stamping process. 
 
 
Fig. 4. Schematic of the hot stamping die and its movable pad design. 
3.2. Process parameters analysis 
In this paper, Pam-stamp software was adopted as the simulation for forming and quenching. The process was 
subdivided into three steps. The first step is cooling down of the hot blank by transferring from the furnace about 
5-6 seconds. In the second step, the hot forming begins. The third step is a quenching stage due to heat transfer 
between blank and tools. The friction force at 650-700 0C was considered with a static friction coefficient of μ = 
0.4. The initial temperature of the blank was set as 930 0C and metallurgical structure was 100% austenite. First, 
the simulation without movable pad design, thickness, temperature, and microstructure distribution of the sheet 
was observed. It could be seen that the thickness changes with the minimum value of 0.93 mm at the central corner 
between twin-U. The thinning ratio is about 34%, can be judged as having risk to cause rupture at the corner as 
shown in Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Schematic of the thickness changes with the minimum value of 0.93mm. 
㉼㧉↮㜸Die
Punch Blank
Risk to Rupture
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Subsequently, another die design condition with movable pad design was investigated. The movable pad 
pressing force was set as 4 ton. After the simulation with movable pad design, it could be seen that the thickness 
changes with minimum value of 1.18mm at the central corner between twin-U. The thinning ratio is about 15.7%, 
can be judged as safe to hot forming, as shown in Fig. 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. (a) Die design with movable pad and (b) thickness changes with minimum value of 1.18 mm. 
4. Results and discussions  
4.1. Effects of die design with movable pad 
Fig. 7 shows hot stamping experiments were implemented for front door beam. Without movable pad design, 
Fig. 8(a) shows a front door beam with fracture in twin-U area. Seen from the figure, the position of fracture is at 
the sharp corner (twin-U area), and that is completely consistent with the simulation prediction. However, sound 
part (no fracture) was formed with movable pad design as shown in Fig. 8(b). In the simulation, the minimum 
thickness of sheet is 1.18 mm and the thinning ratio is 15.7%. That was compared to the experimental thickness 
distribution as shown in Fig. 9. The minimum thickness of sheet is 1.08 mm and the thickness thinning ratio is 
22.8%. The results indicate the process parameters adopted in the paper is reliable, and the simulation results were 
in acceptable consistence with experimental data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. (a) Hot stamping experiments were implemented for front door beam. 
 
 
 
The movable pad
(a) (b)
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Fig. 8. (a) Fracture occurs without movable pad design, (b)Sound part was formed with movable pad design. 
 
 
 
 
 
 
 
 
Fig. 9. Schematic of experimental thickness distribution, the minimum thickness value is 1.08mm. 
4.2. Hardness and dimensional verification 
The micro hardness test on 20 different positions of the part was measured. From the results shown in Fig. 10, 
the part has a homogeneous hardness distribution, the maximum value is HRC 48 and the minimum value is HRC 
42. The value meets the hardness requirement on hot stamping parts, which should be more than HRC 40. 
Moreover, the dimensional accuracy should also be checked, scanner for 3D measurement (with ATOS Compact 
Scan/MV600) was used to inspect the dimensional accuracy. The scanning results show the maximum deviation is 
1mm, which also meets the general requirements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. 3D scanning results of maximum deviation for 1 mm. 
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4.3. Three-point bending testing 
The front door beam was designed to reduce the force from side impact and offers protection to passengers. To 
examine its real effect, the three-point testing was made according to customer requirements. In the test, the punch 
moved downward at a speed of 2mm/sec, which was supposed to touch and bend the front door beam formed 
through hot stamping. Fig. 11 shows the three-point testing implemented and the front door beams after the test. 
The testing results show the maximum load was 11.2KN (tubular baseline design:14.8KN), and when the punch 
intrusion distance reached 100mm, the energy adsorbed was 808J(tubular baseline design:1,023J). It seems that 
energy absorbed by the new front door beam is at lower level compared to the tubular baseline design.  
 
Fig. 11. (a) Schematic of three-point testing, (b) front door beams after test. 
5. Conclusions  
The hot stamping of sheet thickness of 1.4mm from 15B22 boron steel was investigated. Through the numerical 
simulation and forming experiment made in this paper, the following main conclusions can be drawn. (1) Process 
parameters have a great influence on the formability of sheet. For the front door beam, the movable pad design 
played an important role. Fracture is likely produced at the transitional sharp corner between twin-U area, which 
has the minimum thickness. (2) A door beam is well-formed based on the results of simulation, the part has a 
homogeneous hardness distribution and the hardness ranges from HRC 42 to HRC 48. (3) Through the scanner for 
3D measurement, the scanning results show the maximum deviation is 1 mm, which also meets the general 
requirements. (4) However, through three-point bending testing, it reveals that energy absorbed by the new front 
door beam is at lower level compared to the baseline design. Based on the current design of front door beam made 
by hot stamping, the side impact performance should be taken into consideration as well. 
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